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(54) Liquid crystal display apparatus and liquid crystal projection display apparatus which employ 
hologram color filter 



(57) A liquid crystal display apparatus and liquid 
crystal projection display apparatus, which employ a 
hologram color filter, and which are designed so that the 
. illuminating light utilization efficiency is improved to a 
considerable extent, and that a color image can be faith- 
fully displayed with excellent color reproducibility without 
uneven color or other similar problem. A color liquid crys- 
tal display apparatus (1 1) has a hologram (5). which dif- 
fractively disperses incident light so,as to emanate light 
rays in different wavelength regions at a predetermined 
spatial period, as a color filter, and a liquid crystal display 
device (6). The display apparatus (11) is illuminated by 
white parallel back light (3) from an illuminator (14). A 
displayed image which is modulated in the color liquid 

FIG. 3 



crystal display apparatus (1 1) is passed through a field 
lens, which is disposed in the vicinity of the display appa- 
ratus (11). and formed as an enlarged image on a screen 
(19) for display through a projection lens (18). A short- 
wavelength cut-off filter whose transmittance for a wave- 
length not longer than 430 nm Is not higher than 5% Is 
disposed at a position in an optical path extending from 
a lamp (15) to ttie screen (1 9). thereby preventing cross- 
talk of colors which might othenwise occur when light 
which should be incident on a pixel assigned to display 
blue undesirably enters a pixel which is adjacent to the 
pixel for blue, and thus making it possible to display a 
faithful color Image. 
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Description 

The present invention relates to a liquid crystal dis- 
play apparatus and a liquid crystal projection display 
apparatus, which employ a hologram color filter. More 
particularly, the present invention relates to a liquid crys- 
tal display apparatus and liquid crystal projection display 
apparatus, which are designed so that the illuminating 
light utilization efficiency is improved to a considerable 
extent, and that a color Image can be faithfully displayed 
with excellent color reproducibility without uneven color 
or other similar problem. 

In conventional color liquid crystal display appara- 
tuses that employ an absorption color filter formed by 
using pigments, dyes. etc.. back light for display is indis- 
pensably needed. However, when white light is merely 
applied to a color liquid crystal display apparatus from 
the rear thereof, the light utilization efficiency is exceed- 
ingly low. Main reasons therefor are as follows: 

(D The black matrix, which is a region of the color 
filter other than cells of each color, occupies a rela- 
tively wide area, and light that strikes on the black 
matrix is wasted. 

® In white light that is Incident on each pixel, color 
components passing through color filter cells of R 
(red), G (green) and B (blue) are limited; therefore, 
other complementary color components are wasted. 

©There is a loss of light due to absorption in the 
color filter. 

Fig. 15 shows a conventionally known method 
designed to solve these problems. A microlens array 2. 
for example, is installed in front of a color filter 1 , and 
white backlight 3 is converged on each of color filter cells 
R. G and B, thereby raising the utilization efficiency of 
the back light 3. It shouW be noted that, in Fig. 15, refer- 
ence numeral 4 denotes a black matrix which is provided 
to lie between ttie color filter cells R. G and B. 

However, even if this method is adopted, the white 
light 3 cannot dispersedly be applied to each of the color 
filter cells R. G and B. Therefore, the above-described 
problem 0 still remains unsolved. 

Japanese Patent Unexamined Publication (KOKAI) 
No. 4-60538 proposes a liquid crystal projector in which 
the light utilization efficiency is improved by using three 
dichroic mirrors and a microlens array without enploying 
a color filter such as that described atx)ve. In this case, 
there is no need for an absorption color filter, which is 
formed by using pigments, dyes. etc.. as in the above- 
described anangement. Accordingly the above prob- 
lems ® to ® are solved, and thus the brightness of 
the color image increases. However, since three dichroic 
mirrors are required, the optical system and the display 
apparatus increase in size and become bulky. Further, 
the cost also Increases. 

In view of these circumstances, the present appli- 
cant has proposed a liquid crystal display apparatus in 
which a color filter that makes use of hologram is 



employed in order to markedly improve the utilization effi- 
ciency of illuminating light, for example, back light for liq- 
uid crystal display (for example, see Japanese Patent 
Application No. 5-12170). 
5 Further, the present applicant has proposed a liquid 
crystal projection display apparatus in which the above- 
described liquid crystal display apparatus that employs 
a hotogram color filter is transformed into a projection 
type display apparatus to display a bright color image on 
10 a screen (for example, see Japanese Patent Application 
NO. 5-242292). 

However, it has been found that, when a liquid crys- 
tal display apparatus that employs a hologram color filter 
as described above is used as a projection apparatus, a 
15 part of light that is diffracted by the hologram color filter 
may enter not a liquid crystal cell for displaying the cor- 
responding color but a liquid crystal cell for displaying 
another color, which is adjacent to the desired cell, and 
there is therefore likelihood that a color image displayed 
20 on the liquid crystal display apparatus will not be pro- 
jected with faithful color reproduction. 

It has also been found that, since light rays that are 
drffractively dispersed by the hologram color filter enter 
the liquid crystal display apparatus at different angles 
25 according to their wavelength and emanate therefrom at 
different angles, if these light rays are projected simply 
by using a projection lens, different colors are undesira- 
bly put on the left and right peripheral portions of the 
screen. 

Further, studies should be carried out on the follow- 
ing matters: conditions for the parallelism of back light 
which are demanded for such a liquid crystal projection 
display apparatus employing a hologram color filter to 
display a color image with excellent color reproduction; 
the positional relationship between the hologram color 
filter and the polarizer of the liquid crystal display appa- 
ratus which is required to reproduce an infiage clearly and 
faithfully; and the structureof a hologram comprising uni- 
form interference fringes whereby a higher back light uti- 
lization efficiency is provided. 

In view of the above-described circumstances, an 
object of the present invention is to provide a liquid crys- 
tal display apparatus and liquid crystal projection display 
apparatus which employ a hologram color filter, and 
which are designed so that the illuminating light utiliza- 
tion efficiency is improved to a considerable extent, and 
that a color image.can be faithfully displayed with excel- 
lent color reproducibility without uneven color or other 
similar problem. 

To attain the above-described object, the pi-esent 
invention provides a liquid crystal display apparatus in 
which a hologram which diffractively disperses incident 
light so as to emanate light rays In different wavelength 
regions at a predetermined spatial period is used as a 
color filter for a color liquid crystal display device, and a 
cut-off filter whose transmittance for light in a desired 
wavelength region is not higher than 5% is disposed in 
an optical path which extends from a light source to an 
observation position. 
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In addition, the present invention provides a first liq- 
uid crystal projection display apparatus which employs 
a hologram color filter, arxj in which an image displayed 
on a color liquid crystal display device is projected on a 
screen as an enlarged image by a projection optical sys- 
tem. In the projection display apparatus, a hologram 
which diftractively disperses incident light so as to ema- 
nate light rays in different wavelength regions at a pre- 
determined spatial period is used as a color filter for the 
color liquid aystal display device, and a cut-off filter 
whose transmittance for light in a desired wavelength 
region is not higher than 5% is disposed in an optical 
path which extends from a light source to the screen. 

In this case, it is preferable to dispose any of the fol> 
lowing cut-off filters in the optical path extending from the 
light source to the screen: a short-wavelength cut-off fil- 
ter whose transmittance tor a wavelength not longer than 
430 nm is not higher than 5%; a long*wavelength cut-off 
filter whose transmittance for a wavelength not shorter 
than 660 nm is not higher than 5%; a band cut-off filter 
whose transmittance for a wavelength in the range of 
from 490 nm to 51 0 nm is not higher than 5%; and a band 
cut-off filter whose transmittance for a wavelength in the 
range of from 570 nm to 590 nm is not higher than 5%. 

It should be noted that a hologram type reflection 
filter may be used as either of the above band cut-off fil- 
ters. 

It is preferable to dispose the hologram at a position 
which is closer to the light source than a polarizer which 
is provided at the entrance side of the color liquid crystal 
display device. 

Further, illuminating light for the hologram preferably 
has such a degree of parallelism that a component of the 
light which is at an angle within ±6° with respect to the 
travel direction of the illuminating light accounts for not 
less than 80%. 

The dispersion angle of the hologram is preferably 
within ±15° 

It is preferable for the hologram to have both a dis- 
persing function and a converging function or only a dis- 
persing function. In the latter case, the color liquid crystal 
display device is preferably provided with a converging 
optical element In combination with the hologram. In the 
latter case, a hologram comprising a blazed holographic 
diffraction grating may be used as a hologram having a 
dispersing function. 

In addition, the present invention provides a second 
liquid crystal projection display apparatus which employs 
a hologram color filter, and in which an image displayed 
on a color liquid crystal display device is projected on a 
screen as an enlarged Image by a projection optical sys- 
tem. In the projection display apparatus, a hologram 
which diffractively disperses incident light so as to ema- 
nate light rays in different wavelength regions at a pre- 
determined spatial period is used as a color filter for the 
color liquid crystal display device, and a field lens is dis- 
posed in the vicinity of the exit side of the color liquid 
crystal display device. 



In this case, the dispersion angle of the hologram Is 
preferably within ±1 5°. 

It is preferable for the hologram to have both a dis- 
persing function and a converging function or only a dis- 

5 persing function. In the latter case, the color liquid crystal 
display device is preferably provided with a converging 
optical element in cont)ination with the hologram. In the 
latter case, a hologram comprising a blazed holographic 
diffraction grating may be used as a hologram having a 

10 dispersing function. 

The field lens is preferably a Fresnel lens. 
Further, it is preferable to dispose a cut-off filter 
whose transmittance for light in a desired wavelength 
region is not higher than 5% in an optical path which 

15 extends from a light source to the screen. More specifi- 
cally, it is preferable to dispose any of the following cut- 
off filters: a short-wavelength cut-off filter whose trans- 
mittance for a wavelength not longer than 430 nm Is not 
higher than 5%; a long-wavelength cut-off fiKer whose 

20 transmittance for a wavelength not shorter than 660 nm 
is not higher than 5%; a band cut-off filter whose trans- 
mittance for a wavelength in the range of from 490 nm 
to 51 0 nm is not higher than 5%; and a band cut-off filter 
whose transmittance for a wavelength in the range of 

25 from 570 nm to 590 nm is not higher than 5%. It should 
be noted that a hologram type reflection filter may be 
used as either of the above band cut-off filters. 

It is preferable to dispose the hologram at a position 
which is closer to the light source than a polarizer which 

30 is provided at the entrance side of the color liquid crystal 
display device. 

Further, illuminating light for the hologram preferably 
has such a degree of parallelism that a component of the 
light which is at an angle within ±6** with respect to the 

35 travel direction of the illuminating light accounts for not 
less than 80%. 

In addition, the present invention provides a liquid 
crystal display apparatus employing a hologram color fil- 
ter. The liquid crystal display apparatus has a liquid crys- 

40 tal panel in which liquid crystal cells for displaying pixel 
information of different colors are periodically arranged, 
and in which the transmission condition of each liquid 
crystal cell is controlled independently of each other The 
liquid crystal display apparatus further has a color filter 

45 which is integrally bonded to the illuminating light 
entrance side of the liquid crystal panel. The color filter 
comprises a single hologram which diffractively dis- 
perses Incident Illuminating light so that light rays in dif- 
ferent wavelength regions enter respective liquid crystal 

50 cells of corresponding colors. 

In this case, it is preferable for the hologram color 
filter to be integrally bonded to the illuminating light 
entrance side of a transparent substrate. 

In addition, the present invention provides a liquid 

55 crystal display apparatus employing a hologram color fil- 
ter. The liquid crystal display apparatus has a liquid crys- 
tal panel in which liquid crystal ceils for displaying pixel 
information of different colors are periodically arranged, 
and in which the transmission condition of each liquid 
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crystal cell is controlled independently of each other. The 
liquid crystal display apparatus further has a color filter 
which is integrally bonded to the illuminating light 
entrance side of the liquid crystal panel. The color filter 
comprises a stack of holograms or a multi-recorded holo- 
gram which diffractively disperses incident illuminating 
light so that light rays in different wavelength regions 
enter respective liquid aystal cells of corresponding 
colors. 

in these liquid crystal display apparatuses, it is pref- 
erable that an anti-reflection layer for preventing surface 
reflection should be provided on the illuminating light 
entrance side of the hologram color fitter It is also pos- 
sible to provide a prism for preventing surface reflection 
on the Illuminating light entrance side of the hologram 
color filter. 

Further, a polarizer for converting illuminating light 
into linearly polarized light may be provided on the Illu- 
minating light entrance side of the hologram color filter. 
In this case, however, it is preferable to arrange the polar- 
izer so that the direction of linearly polarized light from 
the polarizer is normal to the illuminating light entrance 
surface of the hologram color filter, that is. s-polarlzed 
light is incident on the hologram color filter. 

It should be noted that these liquid crystal display 
apparatuses can be used as a liquid crystal display appa- 
ratus for a color liquid crystal projector. 

In the liquid crystal display apparatus employing a 
hologram color filter and the first liquid crystal projection 
display apparatus employing a hologram color filter 
according to the present invention, a hologram which dif- 
fractively disperses incident light so as to emanate light 
rays in different wavelength regions at a predetermined 
spatial period is used as a color filter for a color liquid 
crystal display device, and a cut-off filter whose transmit- 
tance for light in a desired wavelength region is not higher 
than 5% is disposed in an optical path which extends 
from a light source to an observation position or to the 
screen. Therefore, the illuminating light utilization effi- 
ciency in the projection apparatus can be improved to a 
considerable extent, and it is possible to prevent cross- 
talk of colors, e.g. blue and red. and to display or project 
a color Image faithfully with excellent color reproducibil- 
ity. 

In the second liquid crystal projection display appa- 
ratus employing a hologram color filter according to the 
present invention, a hologram which diffractively dis- 
perses incident light so as to emanate light rays in differ- 
ent wavelength regions at a predetermined spatial period 
is used as a color filter for a color liquid crystal display 
device, and a field lens is disposed in the vicinity of the 
exit side of the color liquid crystal display device. There- 
fore, the illuminating light utilization efficiency in the pro- 
jection apparatus can be improved to a considerable 
extent, and it is possible to project a color image faithfully 
with excellent color reproducibility without uneven color 
or otiier similar problem. 

In another liquid crystal display apparatus employ- 
ing a hologram color filter according to the present Inven- 



tion, a liquid crystal panel in which liquid crystal cells for 
displaying pixel information of different colors are peri- 
odically arranged, and in which the transmission condi- 
tion of each liquid crystal cell is controlled independently 

5 of each other Is prepared. In addition, a color filter is pre- 
pared separately from the liquid crystal panel. The color 
filter comprises a single hologram array or a stack of 
hologram arrays or a multi-recorded hologram array 
which diffractively disperses tnckJent illuminating light so 

70 that light rays in different wavelength regions enter 
respective liquid crystal cells of corresponding colors. 
The hologram color filter is integrally bonded to the illu- 
minating light entrance side of the liquid crystal panel. 
Accordingly, it is possible to produce a liquid crystal cfis- 

15 play apparatus employing a hologram color filter without 
modifying the existing liquid crystal display apparatus 
manufacturing process to a considerable extent. It 
should be noted tiiat, since the hologram colorf itter need 
not flow through the liquid crystal panel producing proc- 

20 ess with the hologram layer thereof being incorporated 
therein, there is no likelihood of the hologram color filter 
being exposed to high temperature and thus deterio- 
rated. 

Still other objects and advantages of the Invention 
25 will in part be obvious and will in part be apparent from 
the specification. 

The invention accordingly comprises the features of 
construction, combinations of elements, and arrange- 
ment of parts which will be exemplified in the construe- 
so tion hereinafter set forth, and the scope of the invention 
will be indicated in the claims. 

Fig. 1 is a sectional view of a liquid crystal display 
apparatus incorporating a first form of hologram color fil- 
ter used in the present invention. 
35 Fig. 2 is a sectional view of a liquid crystal display 
apparatus incorporating a second form of hologram color 
filter used in the present invention. 

Fig. 3 is a sectional view showing the arrangement 
of one example of the liquid crystal projection display 
40 apparatus according to the present invention. 

Fig. 4 is a rear view of a liquid crystal display device 
in Fig. 1 . showing a row of pixels. 

Fig. 5 is a graph showing one example of the wave- 
length distribution of light inckJent on each of pixels 
45 divided according to colors. 

Fig. 6 is a graph showing one example of transmit- 
tance characteristics of a short-wavelength cut-off filter. 

Rg. 7 is a fragmentary sectional view of a blazed 
holographic diffraction grating used as the hologram 
50 shown in Fig. 2. 

Fig. 8 shows an arrangement in which a hologram 
color filter is provided with an anti-reflection member. 

Rg. 9 shows an arrangement in which an anti-reflec- 
tion film is provkled as an anti-reflection member. 
55 Fig. 10 shows an arrangement in which a glass block 
is provided as an anti- reflection member. 

Fig. 1 1 shows an arrangement in which an anti- 
reflection film is provided on the entrance side of the 
glass block shown in Fig. 10. 
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Fig. 12 shows the sequence of assembling a liquid 
crystal display apparatus employing a hologram color fil- 
ter according to the present invention. 

Fig. 13 shows the sequence of assembling another 
liquid crystal display apparatus according to the present 5 
invention. 

Fig. 14 shows the arrangement of a liquid crystal 
projector which employs a liquid crystal display appara- 
tus of the present invention. 

Rg. 15 shows a method of illuminating a conven- w 
tional liquid crystal display apparatus. 

The liquid crystal display apparatus and liquid crys- 
tal projection display apparatus, which enploy a holo- 
gram color fitter, according to the present invention will 
be described below by way of embodiments and with ref- is 
erence to the accompanying drawings. 

First of all. a first liquid crystal display apparatus 
which , is employed in the present invention will be 
explained with reference to the sectional view of Rg. 1 . 
As shown in the figure, a hologram array 5. which con- 20 
stitutes a first form of color filter in the present invention, 
is disposed at the back light (3) entrance side of a liquid 
crystal display device 6 at a distance from it. The liquid 
crystal display device 6 is regularly divided into liquid 
crystal cells 6* (pixels). A color filter 1 , which includes a 25 
black matrix 4, or the black matrix 4 alone is disposed on 
the back of the liquid crystal display device 6. The color 
filter 1 comprises colored cells r of R. G and B whk:h 
are aligned with the liquid crystal cells 6', respectively, 
and the black matrix 4 which lies between the liquid crys- 30 
tal cells 6'. In addition, polarizers (not shown) are dis- 
posed on both sides, respectively, of the liquid crystal 
display device 6. 

The pixels (liquid crystal cells 6') of the liquid crystal 
display device 6 are divided into groups of three different 35 
color pixels of R, G and B. The hologram aray 5 com- 
prises microholograms 5' which are arranged in the form 
of an array at the same pitch as the repeating pitch of 
the groups of three different color pixels such that each 
microhologram 5' corresponds to one group of three liq- 40 
uid crystal cells 6' which are adjacent to each other in 
the direction of the plane of the figure. That is. each 
microhologram 5' is aligned with one group of three liquid 
crystal cells 6' of the liquid crystal display device 6 which 
are adjacent to each other in the direction of the plane 45 
of the figure. Each microhologram 5' is formed in a Fres- 
nel zone plate shape so that a green light component in 
the back light 3. which is incident on the hologram anray 
5 at an angle 6 with respect to the line normal to the holo- 
gram array 5,* is converged on the liquid crystal cell G in so 
the center of the group of three different color pixels R, 
G and B corresponding to the microhologram 5'. Further, 
each microhologram 5* conrprises a transmission holo- 
gram, e.g. a relief type hologram, a phase type hologram, 
an amplitude type hologram, etc., which has no or only ss 
slight dependence of diffraction efficiency on wave- 
length. The expression "hologram which has no or only 
slight dependence of diffraction efficiency on wave- 
length" herein means a hologram which diffracts any 



wavelength by a single diffraction grating, and not a holo- 
gram of the type which diffracts only a specific wave- 
length, such as a Uppnnann hologram. The diffraction 
grating that has only slight dependence of diffraction effi- 
ciency on wavelength diffracts light at an angle of diffrac- 
tion which varies according to wavelength. 

By virtue of the above-described arrangement, 
when white back tight 3 is incident on the surface of the 
hologram array 5 on the side thereof which is remote 
from the liquid crystal display device 6 at an angle 6 with 
respect to the line normal to the hologram array surface, 
the angle of diffraction caused by each microhologram 
5' varies depending upon wavelength. Consequently, 
converging positions for various wavelengths are dis- 
persed in a direction parallel to the surface of the holo- 
gram array 5. The hologram array 5 is arranged and 
disposed so that, among the diffracted light rays, the red 
light component is converged on the positbn of the liquid 
crystal cell R that displays red, while the green light com- 
ponent is converged on the position of the liquid crystal 
cell G that displays green, and the blue tight component 
is converged on the position of the liquid crystal cell B 
thai displays blue. Thus, each color component passes 
through the corresponding liquid crystal cell 6' with sub- 
stantially no attenuation in the black matrix 4. thereby 
enabling color display according to the state of the cor- 
responding Iquid crystal cell 6'. It should be noted that 
the incident angle 6 of the back light 3 on the hologram 
array 5 is determined by various conditions such as holo- 
gram recording conditions, the thickness of the hologram 
array 5, and the distance between the hologram array 5 
and the liquid crystal display device 6. 

Thus, by using the hologram array 5 as a color filter, 
each wavel ength component of back light for the conven- 
tional color filter can be made incident on each liquid 
crystal ceil 6' without being wasted or absorbed. Accord- 
ingly, the back light utilization eff idency can be improved 
to a considerable extent. 

Next, a second liquid crystal display apparatus 
which is employed in the present Invention will be 
explained with reference to the sectional view of Fig. 2, 
which is similar to Fig. 1 . As shown in the figure, a color 
filter 10, which is anranged in a second form of color filter 
used in the present invention, is disposed at the back 
light (3) entrance side of a liquid crystal display device 6 
at a distance from it. The liquid crystal display device 6 
is regularly divided into liquid crystal cells 6' (pixels). A 
black matrix 4 is disposed on the back of the liquid crystal 
display device 6. The black matrix 4 is provided to lie 
between the liquid crystal cells 6'. In addition, polarizers 
(not shown) are disposed on both sides, respectively, of 
the liquid crystal display device 6. 

The color filter 1 0 comprises a hologram 7 and a mic- 
rolens array 8 which is composed of microlenses 8'. The 
microlenses 8' are arranged in the form of an array at the 
same pitch as the repeating pitch of the groups of three 
different color pixels R, G and B such that each microlens 
8' corresponds to one group of three liquid crystal cells 
6' of the liquid crystal display device 6 which are adjacent 
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to each other In the direction of the plane of the figure. 
The hologram 7 is a transmission hologram, e.g. a relief 
type hologram, a phase type hologram, an amplitude 
type hologram, etc., which comprises uniform interfer- 
ence fringes that function as a diffraction grating, and 5 
which has no or only slight deperxience of diffraction effi- 
ciency on wavelength. 

By virtue of the above-described arrangement, 
when back light 3 is incident on the surface of the holo- 
gram 7 on the side thereof which is remote from the liquid 
crystal display device 6 at an angle 6 with respect to the 
line normal to the hologram surface, the incident light 3 
Is diffracted at an angle which varies depending upon 
wavelength, and dispersed toward the exit side of the 
hologram 7. The dispersed light is converged on the focal 
plane of each microlens 8', which is disposed on the 
. entrance or exit side of the hologram 7, while being sep- 
arated for each wavelength. The color filter 10 Is 
arranged and disposed so that, among the light rays, the 
red light component is converged on the position of the 
liquid crystal cell R that displays red. while the green light 
component is converged on the position of the liquid 
crystal cell G that displays green, and the blue light com- 
ponent is converged on the position of the liquid crystal 
cell B that displays blue. Thus, each color component 
passes through the corresponding liquid crystal cell 6' 
with substantially no attenuation in the black matrix 4. 
thereby enabling color display according to the state of 
the corresponding liquid crystal cell 6*. It should be noted 
that the incident angle e of the back light 3 on the holo- 
gram 7 is determined by various conditions such as holo- 
gram recording conditions, the thickness of the hologram 
7, and the distance between the hologram 7 and the liq- 
uid crystal display device 6. 

In the above-described arrangement, not a converg- 
ing hologram but a transmission hologram which com- 
prises uniform interference fringes, and which has only 
slight dependence of diffraction efficiency on wavelength 
can be used as the hologram 7. Therefore, it is not nec- 
essary to align the hologram 7 with the microlenses 8' of 
the microlens array 8. In addition, the pitch of the micro- 
lens array 8 is three times that in the case of the conven- 
tional arrangement shown in Rg. 15. Accordingly, the 
microlens array 8 can be readily produced, and the align- 
ment is facilitated. 

In the present invention, the liquid crystal display 
apparatus which employs a hologram color filter 
arranged as shown In Fig. 1 or 2 is used as It is, or as a 
spatial light modulator for projection display Fig. 3 is a 
sectional view of a liquid crystal projection display appa- 
ratus arranged according to the present invention by 
using a color liquid crystal display apparatus 11. which 
Is arranged as shown in Fig. 1. as a spatial light modu- 
lator. The liquid crystal projection display apparatus can 
also be arranged in the same way by using the liquid 
crystal display apparatus shown in Fig. 2. It should be 
noted that, in Fig. 3. polarizers 12 and 1 3 for liquid crystal 
display apparatus are disposed in close proximity to both 
sides of the liquid crystal display device 6. The polarizer 



12 which is provided at the entrance side of the liquid 
crystal display device 6 is disposed between the holo- 
gram array 5 and the liquid crystal display device 6. The 
color liquid crystal (fisplay apparatus 1 1 is illuminated by 
white parallel back light 3 from an illuminator 14 which 
comprises a combination of a metal halide lamp 15 and 
a parabolic mirror 16. for example. The displayed image 
that is modulated in the color liquid crystal display appa- 
ratus 1 1 is passed through a field lens 17. which is dis- 
posed in the vicinity of the liquid crystal d isplay apparatus 
1 1 . and formed as an enlarged image on a screen 19 by 
a projection lens 18. Thus, a bright projected image can 
be obtained. 

In the above-described arrangement, the entrance- 
side polarizer 12 may be disposed at the entrance side 
of the hologram an-ay 5 in theory In practice, however, 
the hologram array 5 has birefringence which is attribut- 
able to the material (photopolymer, for example) thereof. 
Therefore, if illuminating light passes through the polar- 
izer 12 and the hologram array 5 in the mentioned order, 
it becomes not linearly polarized light but elliptically 
polarized light. Accordingly, it may become impossible to 
give the desired modulation to the light which has passed 
through the polarizer 13 after passing through the liquid 
crystal display device 6, which has a twisted nematic liq- 
uid crystal material or the like sandwiched between a pair 
of transparent electrodes. For this reason, it is preferable 
that the polarizer 12 should be disposed between the 
hologram an^ay 5 and the liquid crystal display device 6. 
as shown in Fig. 3. 

The reason why the field lens 1 7 is disposed in the 
vicinity of the exit side of the color liquid crystal display 
apparatus 1 1 is as follows: Light rays R, G and B which 
have been dispersed by the hologram array 5 and 
passed through the liquid crystal display device 6 ema- 
nate therefrom in respective directions as shown by the 
broken lines in Fig. 3. Since the dispersion angle (a in 
Fig. 1) of light that is diffractively dispersed by the holo- 
gram array 5 is within ±1 5^, if no field lens 1 7 Is disposed, 
light B which emanates from the upper end of the liquid 
crystal display device 6 cannot enter the projection lens 

1 8, as will be clear from the figure. Therefore, the light B 
cannot contribute to the formation of the image of the 
color liquid crystal display apparatus 11 on the screen 

19. Similarly light R which emanates from the lower end 
of the liquid crystal display device 6 cannot enter the pro- 
jection lens 18. and it fails to contribute to the formation 
of the image of the color liquid crystal display apparatus 
1 1 on the screen 19. Consequently, the projected image 
undesirably becomes bluish at the upper end of the 
screen 19. and reddish at the lower end of the screen. 
1 9. Thus, it may become impossible to reproduce a faith- 
ful color image due to uneven color. However, if a field 
lens 17 is disposed immediately behind the exit side of 
the color liquid crystal display apparatus 1 1 . as shown in 
Fig. 3, the light rays R, G and B that emanate from the 
liquid crystal display device 6 in the respective directions, 
which are shown by the broken lines in Fig. 3. are bent 
toward the optical axis by the field lens 17. as shown by 
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the solid lines in the figure. As a result, both the light B 
that emanates from the upper end of the liquid crystal 
display device 6 and the light R that emanates from the 
lower end thereof enter the projection lens 18 to contrib- 
ute to the formation of the projected image. Therefore, 
there is no likelihood of the projected image becoming 
bluish and reddish at the upper and lower ends of the 
screen 19. Thus, no uneven color problem occurs. Fur- 
ther, the field lens 1 7 enables an increase In the quantity 
of light which contributes to the formation of the projected 
image. Therefore, the illuminating light utilization effi- 
ciency further improves. 

In a case where some color unevenness is aillowa- 
ble, the field lens 17 may be omitted, as a matter of 
course. 

It should be noted that any of the following lenses 
may be used as the field lens 1 7: a cylindrical lens which 
has a positive refractive power at least in the direction of 
diffraction caused by the hologram array 5, that is, within 
the plane of Fig. 3; a toric lens In which the positive 
refractive power within the plane of Fig. 3 is larger than 
the positive refractive power in a direction perpendicular 
to the plane of the figure; an axially symmetric positive 
lens; and a Fresnel lens having any of the functions of 
these lenses. When the dispersion angle a of light that 
is diffractively dispersed by the hologram array 5 is not 
within about ±15°, a field lens 17 having an excessively 
large numerical aperture is needed in order to allow all 
the dispersed light to enter the projection lens 18; this is 
not practicable. Therefore, it is important to set the dis- 
persion angle of the hologram array 5 vkrtthin ±15*^. 

It should be noted that the color liquid crystal display 
apparatus shown in Fig. 2 may be used as the liquid crys- 
tal display apparatus 1 1 in the an-angement shown in Rg. 
3, as a matter of course. 

Incidentally, the liquid crystal display device 6, which 
is shown in Fig. 1, has pixels which are arranged as 
shown in Fig. 4, as viewed from the rear side of the liquid 
crystal display device 6. It should be noted that Rg. 4 
shows the anrangement of only one row of pixels. Pixel 
apertures 20 have a size of 65 \irr\ in length and 240 ^m 
in breadth, for exanple. The pixel apertures 20 are reg- 
ularly arranged, for example, in a grid pattern, with a 
black matrix 4 lying between them such that the black 
matrix 4 extends 35 ^m between each pair of lengthwise 
adjacent pixel openings 20, and 60 between each 
pair of breadthwise adjacent pixel openings 20. As 
shown in the figure, the pixel openings 20 are regularly 
arranged in repeating units each consisting of three pix- 
els: a pixel R assigned to display red. a pixel G to display 
green, and a pixel B to display blue, which are disposed 
in the mentioned order in the direction of dispersion of 
light. R light 21 . G light 22 and B light 23, which are dis- 
persed by the hologram array 5. are converged on 
respective lengthwise elongated regions over the pixel 
apertures 20 of the corresponding color pixels R. G and 
B. However, there are cases where the B light 23, for 
example, reaches not only the pixel aperture 20 of the 
pixel B assigned to disjslay blue but also the pixel aper- 



ture 20 of the pixel R assigned to display red. which is 
adjacent to the pixel B. This phenomenon occurs owing 
to either of two causes: the dispersion characteristics of 
the hologram array 5; and the parallelism of back light 3. 

5 That is, In one case, the dispersed light rays 2 1 to 23 are 
inevitably distributed as shown in Fig. 4 because of the 
dispersion characteristics of the hologram anay 5; in 
another case, the distribution of the dispersed light rays 
21 to 23 becomes wider than the theoretical value 

w because the degree of parallelism of the back tight 3 Is 
unfavorably low, so that the light rays 21 to 23 undesirably 
enter the wrong color pixels, which are adjacent to the 
corresponding color pixels. In any case, if there is such 
crosstalk of display colors, the color of the displayed 

15 image becomes dull, making it impossible to display a 
faithful color image. 

For example. Fig. 5 shows the wavelength distribu- 
tion of each of light rays R. G and B incident on the pixels 
G. B and R. which are assigned to display red. green and 

20 blue, respectively, in the arrangement shown in Fig. 4. 
As will be clear from the graph of Fig. 5, the wavelength 
distribution of the light R incident on the pixel R, which 
is assigned to display R. has not only the wavelength of 
red but also a small peak in the wave band of blue. The 

25 peak is due to the incidence of the dispersed B light 23 
on the pixel R. Therefore, in this case, a short-wave- 
length cut-off filter whose transmittance for a wavelength 
not longer than 430 nm is not higher than S%, as shown 
in Fig. 6, is provided at any position in the optical path 

30 extending from the lamp 15 to the screen 19 in Fig. 3. 
thereby preventing crosstalk of colors which might oth- 
erwise occur when light which should be incident on a 
pixel B originally assigned to display blue enters a pixel 
R which is adjacent to the pixel B. Thus, it becomes pos- 

35 sible to display a faithful color image. 

Although in the foregoing a short-wavelength cut-off 
filter whose transmittance for a wavelength not longer 
than 430 nm is not higher than 5% is used to prevent 
crosstalk between blue and red colors, which might oth- 

40 enwise occur when light which should be incident on a 
pixel B assigned to display blue enters a pixel R which is 
adjacent to the pixel B. it should be noted that crosstalk 
between blue and red colors can occur when light which 
should be incident on a pixel R assigned to display red 

45 enters a pixel B which is adjacent to the pixel R, for the 
same reason as the above. To prevent such crosstalk, a 
long-wavelength cut-off filter whose transmittance for a 
wavelength of not shorter than 660 nm is not higher than 
5% should be provided at any position in the optical path 

50 extending from the lamp 15 to the screen 19 In Rg. 3, 
There is also a possibility of color crosstalk occurring 
between pixels B and G or between pixels G and R in 
Fig. 4 for the same reason as the above. To prevent 
crosstalk between pixels B and G, a band cut-off filter 

55 which cuts off light in the wavelength range of from 490 
nm to 510 nm should be provided at any position in the 
optical path extending from the lamp 1 5 to the screen 1 9 
in Fig. 3. To prevent crosstalk between pixels G and R, 
a band cut-off filter which cuts off light in the wavelength 



7 



13 



EP0 692 730A2 



14 



range of from 570 nm to 590 nm should be provided at 
any position in the optical path exterxJing from the lamp 
15 to the screen 19 in Fig. 3. It should be noted that as 
a filter that cuts off light in the desired band, for example, 
a holographic rellectlon filter which employs a Uppmann 
hologram (volume hologram) may be used. This filter is 
formed by allowing coherent light beams to enter a vol- 
ume hologram recording medium, e.g. a photopolymer. 
from opposite directions to thereby record Bragg grating 
patterns at a predetermined grating interval. The filter 
reflects only light of a predetermined wavelength which 
is determined by the grating interval, thereby removing 
the light of the predetermined wavelength from the inci- 
dent light. 

If two or more of the above-described filters, i.e. a 
short-wavelength cut-off filter, a long-wavelength cut-off 
fitter, and a band cut-off filter, are used in combination, 
the color reproducibility is further improved. 

It should be noted that even in a case where various 
filters such as those described above are used, if a com- 
ponent of the back light 3 which is at an angle within ±6° 
with respect to the travel direction of the back light 3 
accounts for less than 80% because of the aggravation 
of the parallelism of the back light 3. the direction of light 
diffracted by the hologram an-ay 5 is disordered to such 
an extent that color crosstalk cannot satisfactorily be pre- 
vented by these filters. Accordingly, the back light 3 must 
have such a degree of parallelism that a component of 
the back light 3 which is at an angle within ±6*^ with 
respect to the travel direction of the back light 3 accounts 
for not less than 80%. 

In a case where the color liquid crystal display appa- 
ratus 1 1 uses a color filter 10 having, as shown in Fig. 2, 
a transmission hologram 7 which comprises uniform 
interference fringes, and which has no or only slight 
dependence of diffraction efficiency on wavelength, and 
a microlens array 8. if the hologram 7 is a relief type holo- 
gram which is arranged in the form of a blazed holo- 
graphic diffraction grating 7. as shown in Fig. 7. 
diffracted light can be concentrated only on a specific 
order of diffraction, for example. +1 st order of diffraction. 
Accordingly, a brighter color projected image can be 
formed. 

It should be noted that the blazed holographic dif- 
fraction grating T may be produced, for example, by the 
method disclosed in Japanese Patent Application Post- 
Examination Publication No. 55-40846. According to the 
disclosed method, a relief diffraction grating Is holo- 
graphically formed on the surface of a photoresist, and 
an ion beam is made incident on the photoresist surface 
at right angles to the grating and at an angle to the dif- 
fraction grating surface. Thus, one side of each ridge of 
the relief grating is cut flat by reactive ion beam etching, 
thereby preparing a master, and the master is duplicated 
by injection molding or other similar process. 

The present invention will be described below by 
way of another embodiment in which the hologram array 
5 shown in Fig. 1 is used as a color filter for a color liquid 
crystal display apparatus. It should be noted that the 



present invention can be similarly applied in a case 
where the color filter 10 shown in Fig. 2 is used in the 
emkxxJiment described below. 

Incidentally, when back light 3 is incident on a holo- 

5 gram color filter 5 such as that shown in Fig. 1 , a part of 
the incident light is reflected by the hologram surface, 
resulting in a reduction of the light utilization efficiency. 
Therefore, as shown in Fig. 8, an anti-reflection member 
24 for tfie back light 3 is provided on the surface of the 

TO hologram color filter 5, thereby Improving the light utili- 
zation efficiency (see Japanese Patent Application No. 
5-234500). It should be noted tiiat, in the arrangement 
shown in Fig, 8, the back light 3 is formed by reflecting 
light from a metal halide lamp 1 5 by a parabolic mirror 1 6. 

/5 Examples of tiie anti-reflection member 24 include 
those which are shown In Figs. 9 to 1 1 . In Rg. 9, an anti- 
reflection film 26 is provided on the surface of the holo- 
gram optical element 5. In Fig. 10, a glass block 27 hav- 
ing an entrance-side surface perpendicular to the 

20 incident light 3 is provided on tfie surface of the hologram 
optical element 5 (if the light 3 is incident on the entrance- 
side surface at approximately right angles to it. the 
reflected component can be reduced). In Fig. 11. the 
glass block 27 is provided on the surface of the hologram - 

25 optical element 5, and the anti-reflection film 26 is pro- 
vided on the entrance-side surface of the glass block 27. 
The anti-reflection film 26 may be provided directly on 
the surface of the hologram optical element 5. Alterna- 
tively, a glass plate which has the anti -reflection film 26 

30 provided on the surface thereof may be disposed over 
the surface of the hologram optical element 5 with an 
index matching liquid interposed therebetween. 

It should be noted that the anti -reflection film 26 
comprises either a single layer or a stack of thin films. 

35 and it is formed by depositing a film having a desired 
refractive index to a predetermined thickness on a sub- 
strate by vacuum deposition or other similar method. For 
example, when an anti-reflection film comprising a single 
layer is to be formed on a substrate, a thin film of a low- 

<o refractive index material, e.g. MgF2 or Si02, is formed as 
a single-layer anti-reflection film on the substrate by set- 
ting the optical film thkskness d at nd»X/4 (where X is 
the design wavelength, which is in tiie range of from 500 
nm to 580 nm) in relation to the refractive index n. When 

A5 the anti-reflection film 26 is to be formed as a double- 
layer filrn, first, a thin film of a high- refractive index mate- 
rial, e.g. TIO2. Zr02 or ln2Q3, is formed on a substrate by 
setting the optical film thickness di at n ^d ^ =xy2 (where 
X is the design wavelength, which is in tfie range of from 

50 500 nm to 580 nm) in relation to the refractive index ni 
of the thin film material. Next, a low-refractive Index thin 
film is stacked on the high-refractive index tiiin film in the 
same way as in the case of the above-described single- 
layer anti-reflection film 26, thereby forming a dout>le- 

55 layer film. It should be noted that, in the case of an anti- 
reflection film 26 comprising three or more layers also, 
first, a tiiin film having a high refractive index is formed 
on a substrate, and then a thin film of an intermediate- 
refractive index material, e.g. AI2O3. MgO or Y2O3, is 
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formed on the high-refractive index thin film. Thereafter, 
the above-described low-refractive index thin film is 
stacked on the intermediate-refractive index thin film. 
Thus, in any of the above cases, the uppermost layer of 
the anti-reflection film 26 is formed from a low-refractive 5 
irriex thin film. 

According to another aspect of the present inven- 
tion, a hologram optical element, which includes a holo- 
gram color filter, a glass substrate, a glass block, an anti- 
reflection film arid a polarizing film, as described above, 10 
and a liquid crystal panel member, which Is prepared by 
an existing production process, are prepared in respec- 
tive processes, and the two members are integrated into 
a liquid crystal display apparatus in the final process. By 
using such an integrating process, the liquid crystal dis- is 
play apparatus employing a hologram color filter accord- 
ing to the present invention can be produced without 
modifying the existing color liquid crystal display appa* 
ratus manufacturing process to a considerable extent. 
Upon completion of the hologram optical element and 20 
the liquid crystal panel, these two members are inte- 
grated with each other by using an optical adhesive or 
the like. 

The liquid crystal display apparatus employing a 
hologram color filter according to the present invention, 25 
together with a method of producing it, will be explained 
below by way of a specific example. 

First, the hologram color filter producing process will 
be explained. By using Omnidex 352 (photopolymer 
manufacture by Du Pont Co.. Ltd.) as hologram recording 30 
film, a multiplicity of transmission holograms were pro- 
duced by optical contact duplicating process using an 
original plate for duplication of a hologram array such as 
the hologram array 5 shown in Fig. 1 . which was pro- 
duced by using a computer generated hologram (CGH) 35 
as an original plate. For the duplication, an argon laser 
manufactured by Spectra Physics, Model SP2020-5w 
(oscillation wavelength: 514 nm), was used. 

Thereafter, the film was irradiated with ultraviolet 
radiation so that the amount of exposure per unit area 40 
was about 100 mJ/cm2. Subsequently, the film was 
heated for 1 20 minutes at 1 20°C. 

The film having a multiplicity of hologram color filters 
thus recorded thereon in parallel was punched out for 
each hologram region, and processed to a sheet-like 45 
form. 

Next, as shown in Rgs. 12 and 13. the hologram 
sheet 5 thus produced was bonded to the surface of a 
glass substrate 28 with an optical adhesive (product 
number: NOA-61 , manufactured by Noland U.S.A.) inter- so 
posed therebetween. Then, as shown in Fig. 1 2, a polar- 
izing film 29 and an anti-reflection film 30 were 
successively bonded to the surface of the hologram 
sheet 5 in the mentioned order with the same optical 
adhesive as the above interposed therebetween by 55 
using a roller. In another example, as shown in Fig. 13. 
a glass block 27 (see Figs. 10 and 1 1) was first bonded 
to the hologram sheet 5 with the same optical adhesive 
as the above interposed therebetween, and a polarizing 



film 29 and an anti-reflection film 30 were successively 
bonded to the entrance-side surface of the glass block 
27 in the mentioned order in the same way as the above. 
The optical adhesive was cured by in'adiation with ultra- 
violet rays from an ultraviolet lamp at 1,000 mJ/cm2. 

The polarizing film 29 is a polarizing element essen- 
tial for a liquid aystal display apparatus: it serves as a 
polarizing element on the entrance side of the liquid crys- 
tal panel 6. It shouti be noted that, unlike the polarizing 
element in the arrangement shown in Fig. 3. the polariz- 
ing element 29 in tiiis embodiment is disposed on the 
back tight entrance side of the hologram color filter 5. 

Regarding the direction of polarization of the polar- 
izing element 29, it is desirable in the above-descrit)ed 
arrangement to select a direction of polarization of the 
polarizing film 29 so that illuminating light becomes s- 
polarlzed light with respect to the back light 3 of the liquid 
crystal display apparatus finally completed. The reason 
for this is as follows: 

According to Kogelniks formula (H. Kogelnik "Cou- 
pled Wave Theory for Thick Hologram Gratings'* Bell 
Syst. Tech.. J. 48.2909 (1969)). the diffraction efficiency 
n of the transmission hologram 5 under the Bragg con- 
ditions is given by 

il=sin^v (1) 

With regard to v. the value Vg for s-polarized light 
is given by 

V 3=jiAnd/{A,(cose cosej (2) 

The value Vp for p-polarized light is given by 

Vp=v,cos{2(^l)-e)l (3) 

(for example, see the above-mentioned "SPIE " vol. 1 507. 
pp.426-434(1991)) 

Reference symbols in the above expressions are as 
follows: d is the effective thickness of a portion of the 
hologram 5 where interference fringes have been 
recorded; X is the wavelength of Incident light; An is the 
refractive index modulation by the interference fringes 
with respect to the mean refractive index n of the medium 
of the hologram 5; <t> is the angle of the line normal to the 
interference fringes with respect to the line normal to the 
hologram 5; 6 is the angle which is made inside the holo- 
gram 5 by incident light on the interference fringes witii 
respect to the line normal to the hologram 5; and is 
tiie angle which is made inside the hologram 5 by first- 
order light Bragg-diffracted by the interference fringes 
with respect to the line normal to the hologram 5. 

It will be clear from the above expressions (1 ) to (3) 
that the diffraction efficiency t| of the hologram 5 for lin- 
early polarized light is higher In the case of s-polarized 
light than in the case of p-polarized light. In the case of 
s-polarized light, therefore, the back light utilization effi- 
ciency becomes higher, and the proportion of zeroth- 
order light, which travels straight without being diffracted. 
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reduces. Accordingly, it is possible to reduce the propor- 
tion of zerothK)rder diffracted light, which becomes stray 
light without being dispersed. 

Next, the hologram optical element produced as 
described above is integrally bonded to the entrance side s 
of a liquid crystal panel 6 comprising a black matrix, a 
liquid crystal layer, TFTs. an electrically conductive layer 
(ITO), etc., which has been prepared in another process 
(in the arrangements shown in Figs. 12 and 13, a color 
filter 1 comprising colored cells 1 ' and a black matrix 4, io 
which is provided to lie between the cells 1 '. is provided 
on the entrance side of the liquid crystal panel 6) by using 
an optical adhesive (product number: NOA-61 . manufac- 
tured by Noland U.S.A.), as shown in Figs. 12 and 13. It 
should be noted that, as shown in Fig. 1 4, another polar- is 
izing element 32 is integrally bonded to the exit side of 
the liquid crystal panel 6. In the above-described final 
process, the hologram optical element and the liquid 
crystal panel 6 must be bonded to each other so that the 
pixels of the hologram 5 provided on the hologram optical 20 
element are in register with the pixels defined by the 
black matrix 4 provided on the liquid crystal panel 6. To 
attain the registering, register markers are previously 
provided on the two substrates. The hologram color filter 
which was integrated with the liquid crystal panel 6 after 25 
the markers had been made coinddent with each other 
was able to obtain satisfactory alignment accuracy. 

By employing the above-described method, a liquid 
crystal panel can be produced v\rtthout greatly modifying 
the existing production line for a liquid crystal display 30 
apparatus, particularly, a liquid crystal display apparatus 
for a liquid crystal projector such as that shown in Fig. 
14. Referring to Fig. 14, a color liquid crystal display 
apparatus 31 integrated with the hologram color filter 5 
as described above is illuminated by a back light source 35 
which comprises a metal halide lamp 15 and a parabolic 
mirror 1 6, and a color image displayed by the color liquid 
crystal display apparatus 31 is projected as an enlarged 
image on a screen 1 9 for image formation by a projection 
lens 1 8. In this way, an enlarged color image is displayed do 
for the observer. 

Incidentally, the hologram color fitter 5 should pref- 
erably be disposed on the back light entrance side of the 
glass substrate 28 rather than on the side of the glass 
substrate 28 which is closer to the liquid crystal panel 6. 46 
The reason for this is as follows: It has been experimen- 
tally proved that as the incident angle of light on an ordi- 
nary, commercially available glass substrate 28 
becomes larger, the polarization characteristics of light 
passing through the glass substrate 28 are disordered so 
to a larger extent, so that the plane of polarization of the 
incident light cannot completely be preserved. Accord- 
ingly, in a case where the hologram color filter 5 is dis- 
posed on the back light entrance side of the glass 
substrate 28, component colored rays of light diffracted ss 
by the hologram color filter 5 enter the glass substrate 
28 at an incident angle smaller than the incident angle 6 
of the back light 3, that is, from a direction closer to the 
line normal to the glass substrate 28. Therefore, light 



passing through the glass substrate 28 has minimal dis- 
order of the polarization characteristics caused by the 
anisotropy of the glass substrate 28. and thus the plane 
of polarization of the incident light can be substantially 
preserved. Accordingly, when only light polarized in a 
predetermined direction is extracted by the polarizing 
element 32 to display a desired color pattern after the 
incident light has passed through the liquid crystal dis- 
play device 6 as a polarization plane modulating ele- 
ment, leakage light is minimized, and thus reduction of 
contrast can be prevented. 

Although the liquid crystal display apparatus and liq- 
uid crystal projection display apparatus according to the 
present invention have been described above by way of 
embodiments, it should be noted that the present inven- 
tion is not necessarily limited to the described embodi- 
ments, and that various changes and modifications may 
be Imparted thereto. 

As will be clear from the foregoing description, in the 
liquid crystal display apparatus and first liquid crystal 
projection display apparatus, which employ a hologram 
color filter, according to the present invention, a holo- 
gram which diffractively disperses incident light so as to 
emanate light rays in different wavelength regions at a 
predetermined spatial period is used as a color filter for 
a color liquid crystal display device, and a cut-off filter 
whose transmittance for light in a desired wavelengtii 
region Is not higher than 5% Is disposed in an optical 
path which extends from a light source to a screen or to 
an observation position. Therefore, the illuminating light 
utilization efficiency in the projection apparatus can be 
inrproved to a considerable extent, and it is possible to 
prevent crosstalk of colors, e.g. blue and red. and to dis- 
play or project a color image feithfully with excellent color 
reproducibility. 

In the second liquid crystal projection display appa- 
ratus employing a hologram color filter according to the 
present invention, a hologram which diffractively dis- 
perses incident light so as to emanate light rays in differ- 
ent wavelength regions at a predetermined spatial period 
is used as a color filter for a color liquid crystal display 
device, and a field lens Is disposed in the vicinity of tiie 
exit side of the color liquid crystal display device. There- 
fore, the Illuminating light utilization efficiency in the pro- 
jection apparatus can be improved to a considerable 
extent, and it is possible to project a color image faithfully 
with excellent color reproducibility without uneven color 
or other similar problem. 

Claims 

1 . A liquid crystal display apparatus comprising: 

a hologram which diffractively disperses inci- 
dent light so as to emanate light rays in different 
wavelength regions at a predetermined spatial 
period, said hologram being used as a color filter for 
a color liquid crystal display device; and 

a cut-off filter whose transmittance for light in 
a desired wavelength region is not higher than 5%. 
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said cut-off filter being disposed in an optical path 
which extends from a light source to an observation 
position. 

2. A liquid crystal projection display apparatus in which 5 
an image displayed on a color liquid crystal display 
device is projected on a screen as an enlarged 
image by a projection optical system, said apparatus 
comprising: 

a hologram which diffractively disperses Inci- w 
dent light so as to emanate light rays in different 
wavelength regions at a predetermined spatial 
period, said hologram being used as a color filter for 
said color liquid crystal display device; and 

a cut-off filter whose transmittance for light in is 
a desired wavelength region is not higher than 5%, 
said cut-off filter being disposed in an optical path 
which extends from a light source to said saeen. 

3. A liquid crystal projection display apparatus in which 20 
an image displayed on a color liquid crystal display 
device is projected on a screen as an enlarged 
image by a projection optical system, said apparatus 
comprising: 

a hologram which diffractively disperses inci- 25 
dent light so as to emanate light rays in different 
wavelength regions at a predetermined spatial 
period, said hologram being used as a colorf ilter for 
said color liquid crystal display device; and 

a field lens which is disposed in the vicinity of 30 
an exit side of said color liquid crystal display device. 

4. An apparatus according to claim 2 or 3, 

wherein a dispersion angle of said hologram 

iswitfnin±15° 35 

5. A liquid crystal projection display apparatus accord- 
ing to claim 2, 3 or 4, wherein said hologram has 
both a dispersing function and a converging func- 
tion. 40 

6. An apparatus according to any of claims 2 to 5. 

wherein said hologram has a dispersing func- 
tion, sard color liquid crystal display device having a 
converging optical element in combination with said 45 
hologram. 

7. An apparatus according to claim 6, 

wherein said hologram comprises a blazed 
holographic diffraction grating, 50 

8. A liquid crystal projection display apparatus accord- 
ing to any of claims 3 to 7. wherein said field lens is 
a Fresnel lens. 

55 

9. A liquid crystal projection display apparatus accord- 
ing to any of claims 3 to 8, further comprising: 

a cut-off filter whose transmittance for light in 
a desired wavelength region is not higher than 5%, 



said cut-off filter being disposed in an optical path 
which extends from a light source to said screen. 

10. An apparatus according to claims 2 to 9, 

wherein said cut-off filter is a short-wave- 
length cut-off filter whose transmittance for a wave- 
length not longer than 430 nm is not higher than 5%. 

11. An apparatus according to claims 2 to 9. 

wherein said cut-off filter is a long-wavelength 
cut-off filter whose transmittance for a wavelength 
not shorter than 660 nm is not higher than 5%. 

12. An apparatus according to claims 2 to 9. 

wherein said cut-off filter is a band cut-off filter 
whose transmittance for a wavelength in the range 
of from 490 nm to 510 nm is not higher than 5%. 

1 3. A liquid crystal projection display apparatus accord- 
ing to claim 2 to 9, wherein said cut-off filter is a band 
cut-off filter whose transmittance for a wavelengtii in 
the range of from 570 nm to 590 nm is not higher 
than 5%. 

14. A liquid crystal projection display apparatus accord- 
ing to claim 12 or 13, wherein said band cut-off filter 
is a hologram type reflection filter. 

1 5. A liquid crystal projection display apparatus accord- 
ing to any of claims 2 to 14. wherein said hologram 
is disposed at a position which is closer to said light 
source than a polarizer which is provided at an 
entrance side of said color liquid crystal display 
device. 

16. A liquid crystal projection display apparatus accord- 
ing to any of claims 2 to 1 5, wherein illuminating light 
for said hologram has such a degree of parallelism 
that a component of the light which is at an angle 
witiiin ±6*^ with respect to a travel direction of the illu- 
minating light accounts for not less than 80%. 

17. A liquid crystal display apparatus comprising: 

a liquid crystal panel in which liquid crystal 
cells for displaying pixel information of different 
colors are periodically arranged, and in which trans- 
mission condition of each liquid crystal cell is con- 
trolled independently of each other; and 

a color filter which is integrally bonded to an 
illuminating light entrance side of said liquid crystal 
panel, said color filter comprising a hologram array 
in which each hologram diffractively disperses inci- 
dent illuminating light so that light rays in different 
wavelength regions enter respective liquid aystal 
cells of corresponding colors. 

18. A liquid crystal display apparatus according to claim 
17, wherein said hologram color filter is integrally 
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bonded to an illuminating light entrance side o1 a 
transparent substrate. 

1 9. A liquid crystal display apparatus according to claim 

17 or 18, further comprising an anti -reflection layer s 
for preventing surface reflection, said anti-reflection 
layer being provided on an illuminating light entrance 
side of said hologram color filter. 

20. A liquid crystal display apparatus according to any io 
of claims 1 7 to 1 9, further comprising a prism for pre- 
venting surface reflection, said prism being provided 

on an illuminating light entrance side of said holo- 
gram color filter. 

15 

21. A liquid crystal display apparatus according to any 
of claims 17 to 20. further comprising a polarizing 
element for converting illuminating light into linearly 
polarized light, said polarizing element being pro- 
vided on an illuminating light entrance side of said 20 
hologram color filter. 

22. A liquid crystal display apparatus according to claim 
21 , wherein a direction of polarization of said polar- 
izing element is selected so that said linearly polar- ss 
ized light is sixtlarized light with respect to an 
illuminating light entrance surface of said hologram 
color filter 

23. A liquid crystal display apparatus according to any 30 
of claims 17 to 22. which is used for a color liquid 
crystal projector. 
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FIG. 2 
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FIG, 5 
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FIG. 8 
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